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Genetic evaluation of cutthroat 
trout movement through 
remediated culverts
Helen Neville 
and 
Doug Peterson
The barrier issue…
• 100,000s culvert 
barriers throughout 
US
• USFS and other 
agencies $$$ to 
remediate
• Determining fish use
renewed passage 
difficult
• Genetic data may be more efficient than traditional 
approaches (mark-recapture, telemetry)
Compared/contrasted genetic techniques 
for detecting movement over restored 
culverts in westslope cutthroat trout
• Population-level metrics
– Gene diversity (HE), Allelic richness (RS), 
Effective population size (Ne)
• Expected increases in each metric
• Expected RS to be most sensitive (Spencer et al. 2000)
• Genetic clustering and individual assignment 
to infer movement of adults
• ‘Sibship’ approach using pedigree 
reconstruction to capture young-of-year 
movement (Hudy et al. 2010) 
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individual 
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Population-level metrics: 
(13 microsatellite loci)
Allelic Richness Gene Diversity
Effective Pop Size 
(Ne)
2008 2011 2008 2011 2008 2011
Treatment 1 4.54 6.72 0.73 0.72 12.5 13.1
Treatment 2 4.12 5.94 0.70 0.72 5.6 3.8
Connected 
Control 5.04 6.02 0.77 0.72 39.2 20.6
EFL 1 5.18 7.22 0.77 0.73 63.7 13
EFL 2 5.15 7.23 0.75 0.74 43.1 38.1
Bold = ‘significant’ change ?
Clustering and 
individual
assignment 
(STRUCTURE)
of age 1+ fish
(13 loci)
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STRUCTURE:  individual clustering 
and assignment
• Defines ‘clusters’ based on theoretical expectations 
for population structure
• Assigns individuals to ancestral cluster
• Can infer movement if individual assigned to different 
cluster than where captured
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“Sibship” detection of movement
• Collect samples from 
young-of-year (yoy)
• Genetic 
reconstruction of 
pedigrees, sibling 
family groups
• Locations used to 
detect movement
– Here, if on opposite 
sides of culvert = 
passage
‘Majority Rule’ used to infer direction
Started with power analysis
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Data
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(What you usually have 
from analyses of field 
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*Coombs et al 2010
§Wang 2004
COLONY less accurate with small families, 
so ignored families <4 siblings
PEDAGOG generated 54 families 
4-10 siblings
• 16 families 7+, 15 correctly 
identified by COLONY
• in families 4-7 siblings, 14 
cases of splitting (well-known 
behavior)
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We don’t incorrectly infer passage…
(But we miss it, and inflate estimates
of ecological metrics such as 
reproductive success, #families, Ne, 
etc.,)
E.g., true 5-sibling family, but one split off
Accuracy with 13 locus dataset
(and some missing genotypes):
PEDAGOG generated 54 families 
4-10 siblings
• 16 families 7+, 15 correctly 
identified by COLONY
• in families 4-7 siblings, 14 
cases of splitting
COLONY less accurate with small families, 
so ignored families <4 siblings
We would falsely infer passage, if 
incorrectly-added sibling(s) found 
on other side of culvert
Importantly, with 13 loci we had 
5 incorrect additions
Necessary to evaluate power of loci
and interpret results accordingly
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Accuracy with 13 locus dataset
(and some missing genotypes):
Added 8 loci to empirical work 
= 21 locus dataset
(Ignored families <4 siblings)
Generated 46 families of 4-14 
siblings:
• 24 fams 6+ siblings, all 
correct
• Of 22 families 4-5 siblings, 
12 singles split off
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Empirical data, Treatment 2
Definite evidence of movement
Difficult to infer direction of movement from “majority rule”
19 2 1 2 1 1 2 1 2 2 3 1 1
24 1 2 1 1 1 1 1 1 5 2 3 1 1 1 2
54 2 2 1 2 2 2 4 5 4 12 4 9 5
29 2 1 1 1 1 1 1 4 1 3 3 1 1 3 3 1 1
15 1 1 1 3 1 1 1 4 1 1
43 1 1 2 2 1 2 1 1 1 1 1 2 1 3 3 4 3 2 3 3 3 2
40 1 1 2 2 1 3 3 4 2 2 2 4 1 2 3 1 3 3
57 1 1 1 1 2 3 2 4 3 3 1 2 4 2 2 3 6 8 8
14 1 1 1 3 2 3 1 2
4 1 1 1 1
‐300 ‐280 ‐260 ‐240 ‐220 ‐200 ‐180 ‐160 ‐140 ‐120 ‐100 ‐80 ‐60 ‐40 ‐20 culvert 0 +20 +40 +60 +80+100+120 +140 +160 +180 +200 +220 +240 +260 +280
Family size downstream upstream
10 families with four or more siblings
Empirical data, Treatment 1
S‐20 ‐80 ‐60 ‐40 ‐20 culvert 0 +20 +40 +60 +80 +100 +120 +140 +160 +180 +200 +220 +240 +260
40 2 4 4 2 1 2 5 1 3 3 4 3 1 2 2 1
30 3 3 2 2 1 1 2 1 2 3 1 3 1 2 3
16 2 2 2 4 2 3 1
17 2 1 1 3 1 1 1 3 2 1 1
4 1 1 1 1
8 1 1 1 2 1 1 1
27 1 6 8 5 1 2 4
5 1 2 2
41 2 7 1 2 2 2 2 2 3 11 1 1 3 2
14 1 2 2 4 1 3 1
24 3 5 1 8 1 1 2 2 1
14 1 2 1 5 4 1
4 1 1 1 1
13 1 1 1 2 2 2 2 1 1
26 1 3 1 1 2 1 2 1 3 3 1 1 1 2 3
6 3 1 1 1
5 1 1 1 2
11 1 1 2 1 1 2 1 1
7 3 1 1 2
6 1 2 1
8 1 1 1 1 2
22 1 1 1 2 2 3 4 2 2 1 3
4 1 2 1
4 1 1 1
Family size
24 families 4+
Empirical data, Treatment 3*
‐300 ‐280 ‐260 ‐240 ‐220 ‐200 ‐180 ‐160 ‐140 ‐120 ‐100 ‐80 ‐60 ‐40 ‐20 culvert 0 +20 +40 +60 +80 +100+120+140+160+180+200+220+240+260+280
35 1 1 2 1 1 2 1 6 2 3 6 6 3
39 6 1 4 8 9 7 3 1
5 1 1 1 1 1
40 1 1 1 1 2 4 4 11 6 8 1
4 1 1 1 1
11 1 3 1 1 2 2 1
8 1 2 2 1 2
10 2 3 2 1 1 1
31 2 3 3 7 10 6
22 1 2 1 1 1 2 1 2 1 1 1 7 1
5 1 4
19 1 1 2 1 5 1 1 7
6 4 1 1
13 families with four or more siblingsFamily size
In conclusion…
All methods provided some information, but 
benefit depends on question
• Population metrics known time lag, sampling 
issues, and difficult to interpret
– not very informative (not surprising)
• Genetic assignment most informative for 
effort
– fewer loci needed (?), but local population 
structure will determine power
• Sibship works, even for this late-emerging 
species!
– but expensive, and requires expertise
Coming soon…
Comparison to mark-recapture and 
demographic efforts
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